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One of the problems in microwave reflectometry 
is the phase runaway effect, which is the 
phenomenon that the measured phase moves 
unreasonably fast in one direction. Fringe jump is 
another phenomenon, in which the measured phase 
show integer rapid fringe jumps. In order to get 
information on profiles and fluctuations, the 
mechanism of the phase runaway and fringe jumps 
and their effect on the measurements should be 
investigated. 
Fringe jumps and phase runaway can be 
phenomelogically explained by the distribution of 
complex amplitude. When we plot each data point 
with the coordinates of cosine and sine 
components, a point represents a complex 
amplitude, and the radius represents the amplitude 
and the angle represents the phase of reflected 
waves. Figure 1 shows the contour plots of the 
distribution. Figure 1(a) is obtained when the 
system is operated as an interferometer. In this 
case, the slow components of the complex 
amplitude rotates around the origin as the plasma 
density increases. Figures 1 (b) are obtained when 
the system is operated as a reflectometer. In 
contrast to the previous case, the distribution is 
broad and the origin is covered by many data 
points. In addition, the crosssections of the 
distribution fit well to Gaussian distributions. 
Fringe jumps can be explained by the following 
picture. When the complex amplitude fluctuates 
around a certain average complex amplitude, it 
moves occasionally toward the origin and rotate 
around it, and then moves back toward the average 
complex amplitude. Then the phase shows about 
one fringe change. If the origin is located at the 
periphery of the distribution, and the moving speed 
is constant, the velocity of the phase movement 
during a fringe jump should be large because the 
amplitude measured from the origin is small. As a 
result, the phase show a rapid fringe jump with 
relatively small phase fluctuations before and after 
the jump. 
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Phase runaway can be explained by the same 
picture. When the average complex amplitude is 
very small compared with the width of the 2-
dimensional distribution, the phase moves 
randomly upward and downward. The difference 
between fringe jump and phase runaway cases 
can be attributed to the difference in the ratio of 
the width of the distribution to the average 
amplitude. If we artificially shift the center of the 
distribution toward the origin or far from the origin, 
both phase runaway and fringe jump cases can be 
achieved. In this case the ratio is small. On the 
other hand, phase runaway is observed for the 
other cases, where the ratio is large. Since the 
origin is not covered by the distribution 
in the case of interferometer, the cause of this 
broad distribution should be a result of the 
interaction between the microwaves and plasma 
fluctuations around the cutoff layer. 
0.3 
0.2 
> 0.1 c 
Q) 
c 
0 0.0 a. 
E 
0 
0 
Q) 
c 
-0.1 
·u; 
0 () 
-0.2 
-0.3 
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 
Sine component [V] 
0.8 
#75575 (140-150ms) (b) 
> 0.4 
c 
Q) 
c 
0 
a. 0.0 E 
0 
0 
Q) 
c 
·u; 
0 
-0.4 () 
-0.8 
-0.8 -0.4 0.0 0.4 0.8 
Sine component [V] 
Fig. 1. Contour plots of the distribution of the 
complex amplitude for interferometry case (a), and 
for reflectometry case (b). 
